Ultrasonic Power Transfer for Medical Implants
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Introduction: Wireless power transmission is an attractive alternative to low-power biomedical implants to
overcome the power limitation of the primary battery. Currently, inductive coupling, resonant magnetic coupling,
and electromagnetic radiation-based wireless power transfer technologies are popular and widely used for many
commercial devices. However, several research challenges exist in use of medical devices including power
transmission limitations and safety issues. For example, the induction coupling-based wireless power charging
technology has a relatively short transmission distance. Further, electromagnetic radiation-based technology may
cause electromagnetic interference and absorption of radio frequency in tissue. In this paper, we are presenting an
efficient ultrasonic wireless power transmission system for implantable medical devices. It is known that the
ultrasonic wireless power transmission has a longer power transmission distance as well as free from electromagnetic
interference and absorption in the human body. In this research, a ultrasonic resonance will be applied to improve the
power transmission efficiency as well as the distance.
Materials and Methods: The developed ultrasonic resonance transmission device uses two composite-type
piezoelectric transducers, facing each other between skin tissues converting electrical energy to mechanical
vibrational energy or vice versa. A transmitter unit converts electrical energy to ultrasonic energy. The generated
acoustic wave travels through media such as tissue wirelessly, and a receiver converts the ultrasonic energy to the
electrical power again for a rechargeable battery. The ultrasonic resonance transmitter and receiver are manufactured
with the size of 30.0 mm diameter, 3.0 mm height. The transmitter and receiver are the same sizes. They have a
matching layer of 1/4λ of driving frequency. The piezoelectric material used for fabrication of the composite
membrane is PZT-5H. It is a type of 1-3 composite. A piezoelectric transducer, a rectifier circuit, and a rechargeable
battery are all packaged in a biocompatible titanium case. (Figure 1) In-vivo animal (pig) implantation experiment
was carried to evaluate the performance of the manufactured device.
Results and Discussion: Each prototype device was sterilized with EO gas for two days before the operation and
sealed to prevent external infection. A 4-5 cm incision was made 1-2 cm away from the center of the vertebra. The
pockets were made to implant the devices. No gross abnormality of the wound or product insertion site was observed
during the experiment. The animal implantation results are as follows:
Maximum Efficiency Driving Frequency: 595kHz
Maximum Efficiency Load: 34 ohms
Maximum wireless power transfer efficiency: Up to 45.2% @ 10mm animal skin layer
Maximum transmission power: Up to 627 mW @ 10mm animal skin layer
Maximum charging current: 60mA
Figure 1. Integrated implantable wireless 16-ch BCI (Brain Computer Interface)
module with a piezoelectric transducer, a rectifier circuit, and a rechargeable
battery that are all packaged in a biocompatible titanium case (diameter: 35mm,
height: 7mm)

Conclusions: The in-vivo animal experiment has demonstrated that the
developed ultrasonic wireless power transfer technology can be
successfully used for implantable medical devices. The research focused on
improving transmission efficiency and distance by matching resonance
frequencies between ultrasonic transmitter and receiver. Future research
can address the misalignment problems between the transmitter and the
receiver.
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